. After a lapse of six months, corals were found to recover. This is borne out by the reduction in the bleaching prevalence to 6.77  0.12% during May 2016. Climate change being a global issue, reduction in the local stressors such as fishing and tourism is highly recommended in order to allow the corals to recover and enable sustainable utilization of coral reef resources around MMS. Keywords: Climate change, coral bleaching, mortality, marine sanctuary, sea surface temperature.
CORAL reefs are the most diverse marine ecosystems with rich biodiversity and they are known for their beauty, diversity and productivity. About 500 million people around the world are benefited by coral reefs by way of fishing, recreation and tourism. On monetary terms, loss of coral reefs may amount to US$ 1 trillion globally 1 . Corals are animals which respond to any variation in the environment they live in, especially to temperature fluctuations. Coral bleaching or whitening is a general response by corals to elevated sea-surface temperature. Coral bleaching refers to the loss of symbiotic unicellular algae called zooxanthellae from coral tissue. Since the zooxanthellae give colour to the corals, their absence makes the corals look white or bleached. Bleaching happens when corals are exposed to increased sea-surface temperature, say, about 1-2C. Corals would recover if the normal temperature range is restored within a short period, but if the temperature stress continues for a long time, the corals would die 2 . During 2014-2016, the longest ever known global coral bleaching driven by climate change and El Niño was reported in many countries 2 . The US National Oceanic and Atmospheric Administration (NOAA) had declared this event as the third global coral bleaching because the phenomenon was witnessed in all three ocean basins, namely Indian, Pacific and Atlantic 3, 4 . Global coral bleaching has been declared twice before -in 1998 and during 2010 (refs 3, 5) .
The Malvan coast in Maharashtra is one of the important tourist attractions in the west coast of India. It is marked by islands, rocky areas and sandy beaches. Corals in Malvan have been reported to be attached to the rocks and are dominated by Porites spp. 6 . Malvan Marine Sanctuary (MMS) in the Malvan taluka, Sindhudurg district between 1615-1650N lat and 7327-7331E long encompasses an area of 29.22 sq. km (refs 7, 8) . It was declared as a Wildlife Sanctuary in 1987 by the Maharashtra Government with a view to protect the coral patches and other important marine ecosystems. The present assessment on coral bleaching was carried out twice during December 2015 and May 2016. Coral bleaching was first noticed during December 2015 while scuba diving around MMS ( Figure 1 ). Corals appeared bleached or white because of the absence of symbiotic zooxanthellae. Detailed assessment on coral bleaching was carried out immediately inside the Sanctuary in December 2015 in areas ranging in depth between 2 and 5 m. The assessment protocol involved scuba diving. The benthic community structure was assessed with twelve 20 m line intercept transects (LIT) 9 around the famous Sindhudurg Fort, with high tourist activity. Twelve 20 m belt transects were laid to assess the prevalence of coral bleaching inside MMS 9 . Each transect covered an area measuring 20  2 m (2 m on each side of the transect line) and 20 m distance was allowed between each transect. Underwater documentation of coral bleaching was done using underwater digital camera. The survey was carried out again in May 2016 using the same protocols to assess the trend of bleaching. Sea-surface temperature was measured during both the surveys using a digital thermometer.
LIT results showed that benthic community structure was dominated by corals in MMS during December 2015 with 35.07% (SD = 6.69) followed by sand, rock and algae with 29.36% (SD = 9.4), 24.97% (SD = 5.61) and 10.59% (SD = 4.15) respectively. In May 2016, coral cover was 35.64% (SD = 7.1), while sand, rock and algae were 27.68% (SD = 5.26), 26.37% (SD = 9.78) and 10.31% (SD = 3.8) respectively. The result of belt transects showed massive bleaching of 70.93% (SD = 4.53) during December 2015, and only 29.07% (SD = 4.53) corals were found intact. A total of 11 genera of corals were found bleached. They are Pavona, Coscinaraea, Goniastrea, Favites, Favia, Cyphastrea, Leptastrea, Montastrea, Turbinaria, Goniopora and Porites. Favia (98.61%) and Favites (95.9%) were the most affected coral genera by bleaching and Turbinaria (17.34%) was found to be least affected. In May 2016, the prevalence of bleaching had come down to 6.77% (SD = 0.12) and 84.84% (SD = 1.03) With the beginning of austral summer, ocean temperatures started increasing and bleaching was reported in the southern hemisphere. By the end of 2015, coral reefs worldwide were found exposed to thermal stress of 4C-weeks or more, and almost all reefs were found affected by elevated sea-surface temperature 12 . It has been estimated that 36% of the world's coral reefs have been affected by this third major coral bleaching and nearly all the reefs around the world have suffered from some thermal stress 2 . The current global bleaching started during June 2014 in Guam 13 and then spread to Hawaii, Florida, Marshall Islands, Papua New Guinea, Solomon Islands, Fiji, American Samoa, Chagos Archipelago, Maldives, Indonesia, Red Sea, Panama, Kiribati, Cuba, Bahamas, Turks and Caicos, Cayman Islands, Dominican Republic, Haiti, Bonaire, Tanzania, New Caledonia and the Great Barrier Reef. Recent aerial and underwater surveys on the Great Barrier Reef in Australia have revealed that 93% of the corals have been affected 13 with severe mortality 14 . Considering the intensity of thermal bleaching around the world, coral mortality (8%) in MMS is not very high. However, corals that survive major bleaching may have slower growth rate, decreased reproduction and be susceptible to disease outbreaks.
There is some evidence that corals can get acclimatized to small-scale changes in the environment. However, they are unable to cope with increasing temperatures 15 . So, more thermal stress and mortality are only to be expected in the future. In MMS, about 1C fluctuation was found in the temperature level between December 2015 and May 2016, which had made a significant impact. In the Gulf of Mannar, a major reef region in mainland India, significant coral mortality was witnessed during 2010 and the corals recovered immediately after the event 16 . The ability of the reef to recover depends on many factors, including the species involved environmental cues, presence of predation, disease outbreaks and other stresses. In the Gulf of Mannar, coral recovery was possible with the fast-growing acroporans and favourable environmental parameters. However, in MMS, fastgrowing acroporans are not part of the reef and all the coral species found are slow-growers.
Climate change and the consequent elevated seasurface temperature are global phenomena and have been experienced in every part of the world. It is, therefore, impossible to reduce the sea-surface temperature with local management as the task requires international initiatives. However, it is important to reduce the humaninduced threats to facilitate the coral recovery. In Malvan coast, tourism and fishing are the main source of the income for the local fishermen 17 , but both these activities pose serious threat to the recovering corals; hence, they should be regulated. The accordance of Sanctuary status to this region has always been opposed by the local fishermen 8 because of their apprehension that they would be denied access to their traditional fishing ground. Since tourism and fishing are fundamental to the livelihood of local fishermen, it is inevitable to make them aware of the importance of corals and of the consequences of coral degradation. Disease outbreaks are possible during recovery, and hence regular and continuous monitoring of corals is mandatory. Wide-scale coral rehabilitation through fragment transplantation has been done successfully in the Gulf of Mannar, which can be replicated on a large scale inside the MMS for long-term benefits.
This paper gives a systematic study of Eremurus altaicus in terms of flowering characteristics, pollinating features, style movement pattern, stigma receptivity and mating system. The result showed that it was protandrous and that the stigma had no receptivity until the end of pollen dispersal. Its style showed a regular movement pattern during the flowering phase. The style was upright, very close to anthers at first; then it quickly curved down 90 from the base just before the dehiscing of anthers, but went back to the former upright state after pollen dispersal of all 6 anthers. From the blossoming to the end of pollen dispersal, the stigma was smooth and dry, and had no receptivity to pollens until the style went back to the upright state with papillae, and mucus appeared. The curving down movement of the style significantly widened the relative distance between the stigma and the dehiscing anthers. Therefore, protandry and style movement are double safeguard mechanisms for avoiding selfing and promoting outcrossing in Eremurus altaicus, which has important significance in its reproduction and evolution potential.
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NUMEROUS studies suggest that generally plants avoid self-pollination and promote outcrossing. Dioecism, herkogamy, dichogamy and self-incompatibility are considered important mechanisms for angiosperm to avoid self-fertilization [1] [2] [3] [4] . However, self-compatibility and selffruitfulness are viewed as adaptive strategies of reproduction assurance in habitats lacking effective pollinators [5] [6] [7] [8] [9] [10] . In the past few decades, several studies were done on the mating system and reproductive strategy of plants, and fruitful results were achieved [11] [12] [13] [14] [15] [16] . Eremurus altaicus, the common name which is foxtail lily, is a herbaceous perennial of genus Eremurus (Liliaceae), mainly distributed in Central Asia, Siberia and China 17 . It was found only on the adrets of Tianshan Mountain and Altai Mountain (from 1000 to 2200 m amsl) in China. It has a raceme opened in sequence from bottom to top, and the styles of each floret showed a regular automatic movement of 'erect  bend down  erect' during the flowering stage leading to change in the spatial position and distance between the stigma and anther. However, development stages of the anther and stigma at different phases of style movement and ecological significance of the style curvature are still unclear presently.
Therefore, flowering characteristics, pollen dispersal features, mating system, anther dehiscence and stigma receptivity at different style movement stages of Eremurus altaicus were studied in this paper to reveal the adaptive significance of its style curvature. 
